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Introduction
Microbial communities in river systems are diverse and dynamic in composition, 26 sometimes as a consequence of environmental changes, diverse stresses and varying nutrient profiles [1] . Microbial communities participate in carbon nitrogen 28 and other biogeochemical cycles in water as well as driving primary production through photosynthetic activity [2] . Furthermore, the maintenance and 30 biodegradation activities are linked to microbial diversity of superficial waters [3] .
In this case study, the discharge of wastewater from industrial and urban 32 activities, perhaps has been impacted the structure and function of microbial communities and has consequently disrupted the nutrient cycles and negatively 34 affected energy flow to higher trophic levels [4, 5] . Furthermore, contaminants can represent a dangerous source of pathogens for the people who live within the 36 river basin [6] . developed an ecological model which correlates epidemiological studies with the pollution present in The Atoyac River 38 located in Puebla, Mexico, finding a causal relationship between water contamination and gastrointestinal diseases. This highlights how important it is 40 for communities to have access to clean water for hydration, food production and sanitation. If proper sanitation services are not available, rates of disease are 48 The current study was conducted in The Apatlaco River, a waterway located in Morelos, Mexico. This river receives 321 official wastewater discharges, 158 are 50 from the industrial sector and 137 and 26 are from the domestic and agricultural sectors, respectively. Therefore, the pollutants present in The Apatlaco River are 52 very diverse in type and high in volume (CONAGUA-SEMARNAT, 2016) . At the origin of the river (P1) the water is clean, and the river doesn't receive any 54 discharge. Later parts of the river receive numerous different kinds of discharges and consequently the water quality is similar to wastewater. As a result, P1 56 provides a clean water source to which we have been able to compare measurements from other parts of the river.
58
Scientific knowledge about the diversity, function, and metabolic pathways of microorganisms in polluted environments is necessary. The Microorganisms 60 present in waterways and the identification of chemical reactions linked to metabolism present in polluted environments can significantly contribute to 62 providing scientific evidence of the effect of pollutants on microbiome diversity and their role as a selective pressure.
64
In the past, studies of ecology and diversity of microbes were approached with classical techniques. However, most of the microorganism in the environment are 66 unculturable [10] . Currently, advances in DNA sequencing technology such as whole metagenome shotgun (WMS) exhibits a rich profile of microbial 68 communities due to all DNA is cut into tiny fragments and sequenced, resolution is broader than the universal 16S marker gene profiles, which only analyze the 70 16S locus [11] . The aim of this study is to analyze water quality parameters and bacterial diversity and thereby understand the effect of water quality on the 72 microbial population structure in the river.
Materials and Methods

74
Study site and sample collection
The Apatlaco River passes through the small state of Morelos in central Mexico
76
( Figure 1 ). The Apatlaco River is 63 km long and runs through 10 municipalities in Morelos. Due to its short length and its water's heterogeneous characteristics, 78 the river provides a convenient model for the evaluation of anthropogenic effects on microbiota. In Morelos there are two primary seasons: the rainy season and 80 the dry season. The rainy season lasts from June to September and during the rest of the year the climate is approximately 24 ± 2 °C. The dry season is the best 82 time to conduct field research given that the microorganisms present during the rainy season are not representative of stable river conditions. Water samples 84 were collected at 17 sampling points along The Apatlaco River (table 1) .
Sampling field trips were conducted every two months during 2018 in order to 
Data Analysis
108
After performing a quality control analysis using the FASTQC program [13], the taxonomic profiling was performed using the raw reads with the software 110 MetaPhlan v2.0 [14] using the following parameters: --bt2_ps sensitive-local --min_alignment_len 95 --input_type fastq.
112
In addition to the MetaPhlan analysis, the software MEGAN6 was used to evaluate the taxonomic distribution of each read based on the comparison of 114 BLASTX with all the sequences in the NCBI-NR databank.
Statistical analysis 116
Statgraphics Centurion Software (Statpoint Technologies, Inc., Warrenton, Virginia, USA) was used for the principal component analysis (PCA) and to 118 measure the water quality differences between the polluted and unpolluted sites (ANOVA).
Results and Discussion
122
Water quality in The Apatlaco River
At the first sample point (P1) the physicochemical analysis showed values of 124 water quality suitable for irrigation, fishing, and recreation. The water quality of the river at this location is good and the aquatic ecosystem is healthy (Table 2, The total dissolved solids (TDS) and the degree of hardness both increase over the course of the river due to the accumulation of ions and other compounds such as calcium, chloride, sodium, nitrates, phosphates and metals derived from the dumping of industrial wastewater [19] . 148 The concentration of different species of nitrogen is correlated with season and river flow. However, there are some rivers in which one of these factors, flow or 150 season, is more influential than the other. For example, the total nitrogen and nitrate collected in The Stillwater River and The Great Miami River (both in 152 Fairfield, Ohio, USA) tends to increase as the current intensifies. In contrast, the same parameters in The Mad River in Dayton, Ohio, tend to remain constant for 154 the entire length of the river and throughout the year [20] . Regarding the different species of nitrogen in The Apatlaco River, the NO2-N values start to increase from 156 P3 onwards, with values of 4 mg/L. It is well known that levels up to 1 mg/L of NO2-N can react with proteins and form carcinogenic N-nitrosamines [21] . The 158 same trend can be observed for NO3-N, where abnormal values appear at P3, with 45 mg/L. The source of NO3-N could be organic or inorganic and possibly 160 come from waste discharge, animal waste or artificial fertilizers. Both anions (NO2 and NO3) were found in lesser quantities from P13 onwards, however the factor 162 that most affects the concentration of nitrogen species along this river is not the different flow rates but the multiple discharges of wastewater along the length of 164 this body water. This effect is more evident with the values of NH3-N and TKN that showed fluctuations possibly associated with discharges of wastewater [22] .
166
The concentration of total phosphorus starts at 0.77 mg/L and varies along the river, the highest point (24 mg/L) is reached at sampling point 5.
Taxonomic assignment of metagenomic data along four sites in The
Apatlaco River
Taking in account variations of physicochemical parameters along the waterway 174 were selected four sites along the river in order to perform the metagenomic analysis. Figure 3 Compared with P1, the relative abundance of the all genera were diminished.
216
P10 is located following a PTAR treated-water discharge and has the highest levels along the river for parameters such as COD, NH3-N and NO2-N. (Table 2) 
Relationships between water quality factors and bacterial community 246
The corresponding ANOVA indicates that polluted sites (P7, P10 y P17) have significant differences (p = 0.0094) in parameter levels compared with the 248 unpolluted site, P1, with a significance of 95%.
The PCA showed that the first three principal components explain 87% of the 250 data variance (Table 3 ). The first PCA explains 46% of the variance and is strongly related (> 0.35) with NO2, COD and DO ( Figure 5) . These water quality . The highest levels of TDS, hardness and temperature were at P17.
272
The principal genera founded there were Limnohabitans, a planktonic bacterium founded in abundance in P1, is likely the microorganism of this genera tolerates 274 better high levels of TDS and hardness than organic pollution. Other genera that increase their abundance levels in that point were Thiomonas which has the 276 ability to oxidize arsenite and thiosulfate and used as energy source [37, 38] . As well as, Pseudomonas which at that point their abundance showed the highest 278 level. The final PCA explains 12% of the variance and is related to TP and NH3, the higher levels of both compounds were between P1 and P7 and after the P10 280 their levels were constants along the points for that reason is not possible differentiate their impact in the microbial structure. 
Conclusion
284
This study evidence that The River Apatlaco has been damage with different kinds of discharges along their riverbed, P10 has the highest levels in COD, NH3, 
